I
n the United States, the number of primary total hip arthroplasties (THAs) performed each year continues to grow exponentially, and the number is expected to continue to rise over the next 2 decades as the Baby Boomers continue to age. 1 Total hip arthroplasty procedures will continue to be one of the highest costs in health care, but the procedure has a high success rate, and its benefi ts have been determined within health care economics. 2, 3 Furthermore, THAs are becoming more frequent in younger patients, so it becomes paramount to ensure these patients are receiving the best long-lasting operation that a surgeon can provide. 2, 4, 5 It also is becoming more apparent that these younger patients have higher expectations and demands concerning their activities after surgery than the average patient did a decade ago.
Since the fi rst THA was performed by Sir John Charnley, many improvements in implant design and materials have been developed. These innovations have infl uenced several trends for hip replacement surgery. Some of these trends in the past decade have included (1) minimally invasive surgery, 6 (2) bone-preserving procedures, 7 (3) increasing modularity, and (4) computer-navigated techniques. 8 Minimally invasive or direct anterior approaches reduce damage to periarticular muscles, allowing for faster recovery and less pain. 9, 10 Bone-preserving procedures include hip resurfacing, 11 and shorter metaphyseal stems may allow a more normal proximal femoral strain pattern while leaving more bone stock for a subsequent revision procedure if necessary. [12] [13] [14] [15] The Metha Short Hip System (Aesculap AG, Tuttlingen, Germany), a metaphyseal femoral neck-retaining short hip stem, was introduced into the market in 2004 and has since been implanted in more than 50,000 patients, with several studies reporting good short-to mid-term clinical results. [16] [17] [18] [19] Unlike many other stems, this design is a true metaphyseal stem based on previous short stem designs. 20 In some cases, using only 2 planes of positioning for a standard diaphyseal anchoring stem cannot reproduce the center of rotation, anteversion, and the caput-collum-diaphysis (CCD) angle of the hip. Determining the location of the center of the femoral head in the sagittal plane (anterior tilt) often is ignored in THA studies; however, if anatomical anteversion of the femoral neck is retained, then theoretically recreating the center of rotation, offset, and CCD angle is much easier (Figure 1) .
A previous cadaver study investigating the effects of the level of the femoral neck resection with the Metha stem showed that offset and stem position were affected by the level of the neck cut but failed to determine whether the center of rotation of the hip, anteversion, anterior tilt, and CCD angle could be recreated in a more accurate position. 21 In this cadaver study, computed tomography (CT) scans and 3-dimensional modeling along with 3-dimensional templating were used to determine whether a short metaphyseal type of stem with or without modularity could accurately recreate the anatomy of the proximal femur. It was hypothesized that preserving the femoral neck and its 3-dimensional anatomy would allow recreation of the normal hip center without the use of a modular exchangeable femoral neck.
MATERIALS AND METHODS
Ten hips in 6 fresh-frozen human cadavers (3 male, 3 female) were used. In 2 cadavers (1 male, 1 female), only the left leg was available. A spiral CT scan providing 0.5-mm-thick slices was obtained of each hip. The CT data were segmented using Amira version 5.0 software (Visage Imaging, Inc, Andover, Massachusetts). During the segmentation, the outer shape of the bone and the inner femoral canal were determined, and all of the CT scan models were oriented into the same coordinate system with the x axis parallel to the dorsal aspects of the femoral condyles, the z axis placed at the center of the medial and lateral femoral condyles (center point of the knee), and the y axis perpendicular to the x and z axes.
A standard 3-dimensional technique to template the images was used by a certifi ed engineer (M.S.) to locate the center of the femoral head using a 3-dimensional best-fi t sphere. The CCD angle, center of the femoral head, anteversion, and leg length were all determined for the native bony anatomy of the proximal femur for comparison. The models and scans then were imported into a computer-aided design (CAD) system with 3-dimensional templates of the Metha stem (Figure 2) , and the best-fi t size was used for each specimen. Using this best-fi t size, 120°, 130°, and 135° neck angle templates were designed for 2, 5, and 10 mm femoral neck cuts proximal to the lowest point on the lateral aspect of the femoral neck (Figure 3 ). This lowest point on the lateral aspect of the femoral neck is often referred to as the "shoulder region." These 3 femoral neck resection positions, along with the 3 neck angles, were used with a short (-4 mm), medium (neutral 0 mm), and long (+4 mm) neck length femoral head, and the distance between the centers of the anatomical femoral head and the implant were calculated along with the change in anteversion and CCD angle. The averages and standard deviations were calculated for each template variation. Finally, the addition of a modular exchangeable femoral neck was used in the model to determine whether addition of a retroversion or anteversion of 7.5° would aid in recreating the anatomical hip center in all 3 planes.
Data analysis then was performed using Microsoft Excel software. The results were tabulated to compare the changes in each variable with the specimen's own native anatomy. The level of signifi cance was set at P=.05 using a paired t test to compare parameters at each neck cut level with the original anatomical parameters of each cadaver hip as determined from the CT scan model data.
RESULTS
For any neck resection (2, 5, and 10 mm proximal to the shoulder region) studied, there was no perfect implant neck angle that allowed recreation of the proximal anatomy of the femur and hip. There was, however, a best fi t in each proximal femur/hip model that allowed on average less than 1° of CCD and anteversion, and was less than 2 mm within the original femoral offset and leg length. Overall, this was possible without using a modular femoral neck for any of the hips studied.
Anteversion
For anteversion, the 120° implant neck angle had the best recreation of anteversion regardless of neck resection level modeled (Table 1) . When a 120° implant was used, the resection levels resulted in anteversion ranging from 0.8° to 2.4° of increased anteversion from normal using a short neck length femoral head (-4 mm). Both the 130° and 135° implant neck angle allowed anteversion with a short femoral head to within 3° (range, 1.2°-3°).
Caput-Collum-Diaphysis Angle
The best recreation of CCD angle occurred with the 135° implant neck angle across the femoral neck resections modeled, with a range from -0.4° to 1.4° using a short femoral neck ( Table 1) . The 130° implant also was within the same order of ranges, from -1.4° to 1.5°, using the 3 modeled femoral neck resections and a short neck femoral head. As with anteversion, a short neck resulted in the best recreation of the anatomical CCD angle for all implant neck angles.
Anterior Tilt
For anterior tilt, the short femoral neck again provided the best recreation of anterior tilt (range, -0.3°-3°) with a 130° neck angle implant modeled. Looking at this sagittal plane variable that often is ignored revealed a wide variation, with changes up to 5° (10-mm neck resection, 130° neck implant, and a long head).
Femoral Offset
The results for femoral offset revealed that the recommended neck resection level of 5 mm from the lowest point of the lateral aspect of the femoral neck performed the best for all implant neck angle templates as well as for the 3 femoral head neck length templates ( Table 2) . For the 5-mm neck resection, the average femoral offset was recreated to a range of 1.6 to 1.7 mm. For the longer 10-mm neck resection length, the offset was in a similar range, from 1.6 to 2.1 mm of the normal offset, with the 3 implant neck angle templates.
Leg Length
For leg length, all of the templates resulted in similar fi ndings. Whether a low or high neck resection was modeled for the templating, the resulting leg-length discrepancy was 1.9 to 2.1 mm; however, all of the results for leg length were within the error of measure for this technique.
Modular Exchangeable Femoral Necks
The addition of a 7.5° retroverted or a 7.5° anteverted femoral neck did not improve the overall recreation of the center of the femoral head ( Table 3) . The addition of a retroverted or anteverted femoral neck in the available 140°, 135°, and 130° femoral neck angles only moved the hip center 2.5 mm anteriorly or posteriorly. The proximal-distal location of the center was still off by more than 2.5 mm, and modularity did not seem to aid in recreating the femoral head center.
DISCUSSION
This study is the fi rst to report the templating results of a metaphyseal femoral neck-retaining type of implant in all 3 anatomical planes, including CCD (coronal plane), anteversion (transverse plane), and anterior tilt (sagittal plane). The results show that the level of the neck resection with a short metaphyseal stem can signifi cantly affect the CCD angle, anteversion, and anterior tilt angles (up to 5°) and suggest that femoral neck modularity is not necessary to recreate the center of the femoral head, anteversion, anterior tilt, or CCD angle. Although this is a 3-dimensional templating study, there has been good correlation reported between these methods and fi nal implant position and size of implant used, whether a 2-dimensional or 3-dimensional digital templating method is used. [22] [23] [24] [25] [26] [27] [28] [29] With the increasing number of bonepreserving THAs being performed globally, an implant system that optimizes the normal femoral anatomy is benefi cial. This study shows that if the recommended femoral resection level of 5-mm proximal to the shoulder region of the femoral neck is used, the available implant neck angles using a femoral neck-retaining stem are more likely to recreate the 3-dimensional anatomy of the proximal femur. The higher the neck cut (10 mm) from the shoulder point, the longer the leg length, which may not allow recreation of the preoperative leg length. 21 Limitations of this study include the lack of consideration of the actual implantation results for each of the cadaver hips that were scanned. Although cortical contact limits were made for the 3-dimensional template technique, some implantation variation may have occurred. With the assumptions that were made for this study, the results have determined that the coronal and transverse plane alignment of the metaphyseal short stem implant with the addition of the sagittal plane anterior tilt of the retained femoral neck is capable of recreating the position of the hip center in all 3 planes within 1° and 1.5 mm.
In a study by Confalonieri et al 30 of 44 patients who underwent THA with Metha implants with and without computer navigation, recreation of leg length and offset was easier with computer assistance. The current study confi rms those results in a more analytical fashion. However, the study by Confalonieri et al 30 did not address whether problems with offset, CCD, or leg length would be realized if computer navigation was not used and if surgeons relied on their template technique alone. The results of this study show that the combination of variables measured (anteversion, CCD, and anterior tilt angles along with offset and leg length) were able to recreate the original hip center with a standard (5-mm) or slightly lower (2-mm) neck resection level. It should be noted, however, that the lower the neck angle, the greater the possibility that the implant will tip into valgus and lose its designed support obtained from the ring of the femoral neck, the calcar, and the dorsolateral proximal cortical bone of the femur. The addition of a modular anteverted or retroverted femoral neck did not enhance the anatomical recreation of the original hip center. In the cadaveric specimens that were studied, it seemed that the modular femoral neck may aid in stabilizing a hip that has a suboptimally aligned 
CONCLUSION
The findings of this study suggest that a femoral neck cut at the recommended level of 5 mm from the shoulder region of the lateral femoral neck allows for recreation of the anatomy in all 3 anatomical planes within 1° to 2° and 1 to 2 mm of accuracy. When the femoral neck is retained and used for alignment of a short metaphyseal anchoring type of stem, the position of the new femoral head center is recreated in the sagittal plane. When the femoral neck is resected at the calcar level and a 2-dimensional standard diaphyseal anchoring stem is used, it is the sagittal plane or anterior tilt of the femoral neck that is lost and simply rotating the femoral stem about the diaphysis places the neck of the implant outside the confines of the original anatomical neck of the femur.
